The effect of the genotypes and alleles at nucleotide positions 10433 and 10434 of the DGAT1 gene on the breeding values for milk performance of German Holstein sires born in 1993 (n=66), and in 1998-2001 (n=200) was analyzed. The differences in breeding values had in both years the same trend. In the younger sires, the breeding value for fat percentage was higher by 0.42 % in the Lysine homozygotes compared to the Alanine homozygotes (P<0.001). A higher milk breeding value in the Alanine homozygotes (811 kg) was found compared to the Lysine homozygotes (256 kg) (P<0.001), and the fat yield breeding value was higher in the Lysine sires (DGAT1
Introduction
Recently, marker assisted selection and genomanalyse are being focused on by investigators and breeders. The approach has great promise for economic important traits (XU et al., 2006; FREYER and VUKASINOVIC, 2005; FREYER et al., 2003; SCHWERIN, 2004; KALM, 1997) , and usable results are available. The marker assisted selection has certain problems, because the family specific linkage must be found and moreover, not each marker is informative in the respective family. Therefore, also the coding genes should be studied with the aim of finding the locus for the early estimation of breeding value. Many polymorphous loci have been investigated; milk proteins, growth hormone or pituitary transcription factor should be mentioned (KUCEROVA et al., 2006; KOVACS et al., 2006; DYBUS et al., 2004) . In recent years, DGAT1 diacylglycerol O -transferase has been found to be of great interest. It is a microsomal enzyme (EC 2.3.1.20) catalysing the final step of the triglycerid synthese, and it plays an important role in the metabolism of the cellular glycerolipid. The enzyme plays a part in the regulation of the concentration of triacylglycerol in plasma, fat tissue and cells, muscle metabolism, milk, egg, and oocytes in mammals. In the mouse, it maps to chromosome 15, in man to chromosome 8. The lack of DGAT1 in mice causes cachexy, and the loss of DGAT results in the loss of milk production due to insufficient synthese of triglycerids in the mammary gland. LUDWIG et al. (2002) report 5 polymorphisms in human DGAT1. The bovine DGAT1 gene maps to the centromeric part of chromosome 14. Few polymorphisms were described in the locus; in the coding part of the gene the important one is in the amino acid position 232 Lysin -Alanin; the wild allele is lysine. At the DNA level it is caused by double substitution at the nucleotide position 10 433 and 10 434 in exon 8, AA instead of GC. In domesticated animals, the lysine variant positively influences the breeding value for fat content in milk (WINTER et al., 2002) . According to SPELMAN et al. (2002) , the polymorphism of DGAT1 in Jersey, Holstein-Friesian and Ayrshire in New Zealand, enhances the yield of milk fat, and reduces the yield of protein and milk. FRIES and THALER (2002) found a higher breeding value for fat production of the homozygous lysine genotype compared to the alanine, and vice versa for milk production. According to HARDER et al. (2006) , the DGAT1 locus seems to be associated with fat yield throughout the whole lactation, and with milk yield and protein yield especially during the later stages of lactation. GRISART et al. (2004) expressing both DGAT1 alleles in Sf9 cells using the baculovirus expression system, confirmed the DGAT1 K allele as being characterized by higher triglyceride production than the DGAT1
A . There is no single polymorphism in the respective chromosomal region; KÜHN et al. (2004) evidence the DGAT1 promoter polymorphism affecting the fat content; BENNEWITZ et al. (2004) presuppose an additional source of genetic variance on the bovine chromosome 14 and WINTER et al. (2004) mapped twenty-three genes neighboring DGAT1, and report the respective polymorphisms. WELLER et al. (2003) found the linkage disequilibrium between microsatellite ILSTS039 and DGAT1. The DGAT1 K allele, and microsatellite allele 225 were associated with lower milk production, and increased fat production and fat and protein content. The effects of two 225 alleles was approximately equal to twice the effect of a single allele. The linkage disequilibrium is population-wide, as one of the 225 alleles of these cows must have come from the cows´ dams, and is not due to the specific linkage phase in heterozygous sires. This also indicates the additive effect of the DGAT1, even if they consider the next study of the additivity desirable.
Material and methods
The goal of the analysis was to evaluate the effect of the genotypes and alleles at nucleotide positions 10433 and 10434 of the DGAT1 gene on the breeding values of German Holstein sires. Two groups of German Holstein sires were genotyped, the 1st group were sires born in 1993 (n=66), the other, sires born in 1998 -2001 (n=200). The actual breeding values estimated in 2006 (VIT Verden) have been assigned to the genotypes, and the associations were quantified. DNA was isolated from whole blood following the method described in Gemmel, Akiyama (1996) , the quick method of KAWASAKI (1990) , or from frozen sperm following the method of ASHWELL et al. (1996) . In cows, the proces could be potentially simplified by obtaining DNA from milk samples (BUITKAMP and GÖTZ, 2004) . The respective part of the DGAT1 locus carrying the polymorphism studied was amplified in the polymerase chain reaction. The primer sequencies were as in WINTER et al. (2002) , and the PCR was carried out on the Biometra T Gradient thermal cycler. The polymorphism K232A causing lysine to alanine substitution was distinguished by a restriction fragment length polymorphism using the restriction endonuclease CfrI (PCR/RFLP methods). The fragments were separated electrophoretically on agarose gel and stained with ethidium bromide. The restriction endonuclease CfrI splits the sequence Y/GGCCR (Y is C or T, R is G or A). The DGAT1 K variante (Lysine) stays non split, while the variante DGAT1 A (Alanine) splits (Fig. 1 In sires born in 1993, the Alanine homozygotes were found to have the highest breeding value for milk yield of 588 kg, as in the younger group (Table 3) . Similarly, the fat and protein content in the 1993 group was highest in Lysine homozygous sires, while the Alanine/Alanine sires have significant negative breeding value. The effect of Alanine allele was also found to be significantly negative (Table 4) . However, the breeding value for fat yield was almost the same in Lysine/Lysine homozygotes and Lysine/Alanine heterozygotes, and the protein yield was not significantly higher in the Value Milk in the Alanine homozygous sires. The number of sires born in 1993 was rather low, therefore, the effects could be estimated only roughly. Also the high standard deviations indicate the necessity to draw conclusions carefully in the older group.
Discussion
Because there was in both old and young sires a high breeding value for milk yield and a negative value for fat content in the homozygotes for the Alanine variant, the DGAT1 polymorphism may contribute to the negative correlations between the traits, similarly but more weakly for the protein content. THALLER et al. (2003) also refer to this. It is also in accordance with SPELMAN et al. (2002) , where the polymorphism increased milk fat, and decreased milk protein yield and milk volume in the breeds analysed by them. Also GRISART et al. (2002) confirm the major effect of the K232A substitution in the DGAT1 gene on the milk fat content and other milk characteristics. Our findings on the positive influence of the DGAT1 K variant on fat yield correspond with WINTER et al. (2002) . PAREEK et al. (2005) did not find significant differences among genotypes evaluating breeding values for milk performance traits in Polish Black and White sires, but they explain it by the low number of sires in the analysis. Comparing age groups in the analysis, a certain similarity of divergences among genotypes has been observed. Nevertheless, there are some differences. The divergence between Alanine and Lysine homozygotes in the fat percentage is in the older sires group -0.54, and in the younger one slightly less at -0.42. This may be as a consequence of the selection in other loci influencing the character, which has bettered the fat content also in Alanine carrying animals. Therefore, the difference in the fat yield breeding value of Lysine/Lysine sires compared to the Alanine/Alanine genotypes has been in the younger group smaller (13.7) than in the older one (20.1), also in consequence of the increasing breeding value for milk yield of Alanine/Alanine sires, the difference in the Alanine homozygotes was 555 kg in young, and 517 in old sires, respectively. The most outstanding differences between years were found in the breeding values of the protein content and protein yield. In the protein percentage, the difference between the DGAT1 K /DGAT1 K and DGAT1 A /DGAT1 A genotypes amounted, in older sires, to 0.2 in the Lysine carrying genotypes; in the younger group it was 0.05, i.e. four time less. In the protein yield breeding value, the Alanine homozygous old sires exceeded their Lysine contemporaries by 2.5 kg, the young sires by 14.1 kg, as mentioned above, i.e. the difference increased 5.6 times. This is a consequence of the lesser negative breeding value for protein percentage, and the moderately higher breeding value for milk in young Alanine sires compared to the older group. Here, the emphasis on protein yield in the selection has been reflected. Comparing the divergences among breeding values for different alleles in old and young sires, the association of the DGAT1 A allele and a negative breeding value for the protein percentage decreased, as in the Alanine homozygous genotype, the breeding value of milk yield of the Alanine encoding allele increased. Consequently, the difference in breeding value for the protein yield in the DGAT1 A allele increased in the young sires. The influence of the DGAT1 K allele on the fat percentage did not change; the difference in fat yield decreased over time. The RBVM changed in the DGAT1 A allele due to the higher protein yield.
To interpret the changes correctly, it is important to take into account also the frequencies of genotypes and alleles (Fig. 2) . According to the χ 2 test (data not shown), all the changes between years have been non significant, but there has been a trend towards increasing allele DGAT1 A and of DGAT1 A /DGAT1
A homozygotes in the young sires at the expense of heterozygotes. Although the evaluation of allelic frequencies is not the goal of this paper, it is worth referring to it briefly. KAUPE et al. (2004) have found in the German Black Pied gene resource population, a frequency of the DGAT1 K allele of 0.01, and in the British Frisian of 0.03, so they conclude that the founder of both breeds, i.e. Friesian and Jutland black and white cattle, probably did not carry the allele. The frequency in today´s German Holstein was found by them to be 0.42, because the population has been male-upgraded by American and Canadian Holstein sires for 35 years. They suppose that the introgression of the allele DGAT1 K into the North American Holstein might have occurred during its formative years through crossing with the Jersey breed. Afterwards, the frequency rose by selection, since from the 50s´ milk fat has been prefered. THALLER et al. (2003) give the frequency of the allelic variant coding for Lysine in the German Holstein of 0.548; similarly PAREEK et al. (2005) found in young sires of Polish Black and White cattle, traditionally upgraded with the American Holstein breed, a frequency of the allele DGAT1 K of 0.68, in sires in artificial insemination of 0.60, and in cows of 0.48; rather more than in our groups. By contrast, WELLER et al. (2003) in Israeli Holstein cows give a frequency of 0.09, in sires of 0.16. Our results demonstrate that the genetic background against which the effect of DGAT1 is evaluated has changed somewhat in time. The effective selection on breeding value for protein yield affecting other loci than DGAT1 is apparent; it has increased the prevalence of DGAT1 A /DGAT1 A genotypes in protein and milk yield, and in relative breeding value milk. It is possible that the breeding value for fat content was bettered in the younger sires homozygous for Alanine due to the selection on other loci, but the difference between years was too slight, so this is an hypothesis that must be tested by further research. According to the non significant χ 2 test among theoretical and experiential genotypic frequencies, both old and young groups have been in Hardy-Weinberg equilibrium. That means that, along with the non significant changes in the frequencies of genotypes and alleles between years, the selection on breeding value for protein yield did not essentially affect frequencies on the amino acid position 232 Lysin -Alanin of the locus of DGAT1, although the DGAT1 A /DGAT1 A genotype was found to be significantly better in the main selection criterion. The reason may be seen in the moderate selection on the fat yield coupled with selection on the protein in the breeding programme, which could keep the frequencies stable; and also in the fact that the DGAT1 itself does not directly influence the protein synthesis. However, it will be of interest to monitor the frequencies, as a certain tendency in the allele DGAT1 A has been observed. Because the breeding value for fat percentage of heterozygous sires lies within the values of homozygotes both in old and in young sires, the intermediary heredity on the locus could be assumed. The difference among old sires from intermediary heredity in protein and fat yield could not be considered important in the context, as their number was lower (n=66), and of them, 33 were heterozygotes. Furthemore, the reason may also be due to female partners. By contrast to the younger group, the older sires born in 1993 were mated with Black and White cows (Schwarzbuntes Milchrind, SMR) with 25% Jersey. As the rate of alleles encoding Lysine and Alanine in Jersey is 70:30 , a higher frequency of DGAT K in these females is predictable. Also the possible differences on other loci could evoke other gene interference. Likewise WELLER et al. (2003) consider the effect of the locus to be approximately codominant. Nevertheless, we call attention again to the low number sires on the old group in this paper, so the next research of the chromosomal region is desired.
Summarising the results, the Lysine variant has effected the higher breeding value of fat content and yield, and the Alanine variant of milk and protein yield. Comparing the sires born in 1993 and 1998 -2001 , the selection on milk production traits in German Holstein population has changed the genetic background. The allelic and genotypic frequencies on the DGAT1 locus were not affected significantly, but a certain tendency has been observed. The intermediary heredity on the locus has been assumed. The present results are in accordance with those of THALLER et al. (2003) , , GRISART et al. (2002 ), WINTER et al. (2002 ), and WELLER et al. (2003 . Based on the paper and repeated results of other authors, the locus of DGAT1 is of great significance in breeding. Of course, after the polymorphism influencing performance has been revealed, and the respective molecular test is available, the main problem is to set the economic weights of particular milk production traits, and to design an effective breeding scheme accordingly.
